Background: Paralysis and loss of normal upright function is the most commonly acknowledged ongoing impairment related to spinal cord injury, although numerous co-morbidities exist. The risk and progress of some these conditions may be mitigated by upright function. Over-ground powered exoskeletons have the potential to provide many physical health benefits associated with upright mobility; however research into the specific effects of powered exoskeleton use on the joints does not yet exist. The ReWalk TM enables people with lower limb disabilities to carry out routine ambulatory functions such as walking, standing, sitting, and ascending/descending stairs. Changes in patients' joint range of motion as a consequence of one week of intensive powered exoskeleton training as part of a physiotherapy programme were investigated. Methods: Sixteen participants aged 21-69 years with spinal cord injury between C3 and T12 (ASIA Impairment Scale A-D) visited the therapy centre. Passive range of motion of ankle dorsi-flexion, hip extension and shoulder internal rotation and extension was measured using goniometry. Participants then undertook the training programme which included use of parallel bars, crutches, different surfaces, and stairs/sitting/standing/walking. The programme is supplemented by the use of functional electrical stimulation, far-infrared heat therapy and physiotherapy for exercise preparation. After five days range of motion was re-measured. Paired t-tests were run on bilaterally averaged pre and post ranges of motion, accepted significance value was p≤0.05. Results: Mean dorsi-flexion increased from 1.7° (plantigrade = 0) to 6.9° (t(11)-6.3;p<0.001). Mean hip extension increased from 8.2° to 14.1° (t(13)-3.5;p=0.017). There were no significant changes to shoulder extension (pre-64.7, post-66.7°, n=9) or shoulder internal rotation (pre-74.3, post-78.9°, n=11). Conclusion: Although this was a pilot study and lacked a control condition, the addition of ReWalk TM technology was novel as part of a physiotherapy programme. Participation in the training programme appeared to result in significant increases in ankle dorsi-flexion and hip extension which may be beneficial for all types of ongoing upright weight-bearing therapy in this population.
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Background and Introduction
In westernised societies the incidence of spinal cord injury (SCI) is between 15-40 cases per million inhabitants [1, 2] . In the UK SCI affects over 1000 new individuals every year and there are approximately 50,000 individuals living with SCI [3] . Following SCI the most commonly acknowledged impairment is paralysis and loss of upright function, however lesion level, lesion severity and type of nerve fibre damaged also dictate the full nature and permanency of the disability [3] .
Rehabilitation of SCI aims to restore the maximum degree of independence and return individuals to normal activities of daily living [4] and health. Though many SCI individuals place a high degree of priority on restoration of walking [5] only 41 -43% are able to do so [6] . To this end, over-ground powered exoskeleton technology has grown in popularity and availability, catering for individuals for whom walking and other activities relying on upright mobility (for example, standing and ascending/descending stairs) are not possible without assistance. Restoration of upright function may also have additional benefits for SCI individuals. Various sequelae exist alongside SCI including: increased risk of coronary heart disease [7] , autonomic dysreflexia and increased risk of orthoststic hypotension [8] , reduced postural control [9] , reduced joint range of motion [10] , reduced bone density [11] as well as various urinary, digestive, skeletal, respiratory, and integumentary dysfunction and disease [12] . Many sequelae are associated with long term wheel chair use and may be mitigated in onset and/or progression through the use of weight bearing exercise [12] .
It is therefore imperative that research consider the impact and efficacy of novel robotic technology on physiological parameters in an SCI population, especially those which may impact upon health and function.
Previous research has mainly considered the effects of robotic assisted locomotion/gait in the form of robot assisted body weightsupported treadmill training [13, 14] . Findings have been positive from this research, particularly for incomplete SCI individuals who have shown increased activity in the corticospinal tract after supported gait exercise, but also increased electromyogram activity and better walking (termed 'functional') outcome measures [13] . However no studies to date have reported the effects of a powered exoskeleton which has application for individuals with complete SCI and also provides propulsion as part of the generated gait cycle. Additionally, no studies were found that have focused on the physiological parameter of joint range of motion (ROM) to date.
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With specific reference to the focus of our study, lower limb joint ROM is commonly reduced in SCI individuals [15] and requires regular stretching to maintain [16] , particularly at the hip [17] and ankle [18] . Reduced ROM into hip extension can result in contractures which may cause dysplasia, dislocation and ankylosis of the hip joint [17] . Plantar flexion deformity as a result of increased tone, spasticity and stiffness is also common in SCI individuals [19] and reduced ROM into ankle dorsi-flexion may hinder upright functional activities due to a lack of clearance during gait and may also affect other common activities such as transfers [20] . Upper limb ROM is essential for function following SCI [21] and function of the upper limb is highly prioritised during acute and ongoing rehabilitation from SCI [4] . Shoulder internal rotation and extension may be particularly important for wheelchair propulsion because it is in this combined position that peak shoulder joint loading occurs during the push phase [22] .
The aim of this study was to consider pilot data from use of the ReWalk TM as a new part of a five day physiotherapy programme aiming to train the user in the novel technology. Simple joint ROM in specific movements important to the population of interest were measured with the goal of informing future clinical practice and expectations of this technology.
Materials and Methods

Participants and measurement protocols
Sixteen SCI individuals attended the indoor therapy centre for the training programme. These participants were aged 21-69 years with SCI between C3 and T12 (ASIS A-D), further information about the participants and their presentation is included in Table 1 . All participants gave their consent to participate in the study and for data to be collected and used in the methods described. All participants met the inclusion criteria for safe use of the exoskeleton technology such as functional lower limb ROM, normal or osteopenic bone mineral density, weighing less than 100kg, medically stable health status, ability to tolerate standing for at least 30minutes and functioning hands, arms and shoulders (ability to use crutches) [23] .
On arrival, participants' passive ROM into ankle dorsi-flexion (DF), hip extension (HE), shoulder internal rotation (SIR) and shoulder extension (SE) was measured by two therapists experienced in working with SCI individuals. Measurements were recorded to the nearest five degrees using a standard goniometer and following the commonly used procedures and joint/bony landmarks for goniometer use and placement at the ranges of interest [24] . Measurements were repeated twice bilaterally at each movement of interest and an average recorded. These same procedures were followed after completion of the training programme. Averaged bilateral data was taken forward for statistical analysis.
The training programme
The ReWalk TM is a safe and well tolerated means of robotic assisted ambulation [25] . It is a powered exoskeleton with motorised legs powering passive knee and hip movement, supported by walking aid use with the upper limbs [23] (Figure 1 ).
Joint angles, gait speed, tilt angle, step delay and mechanistic safety parameters were sized and adjusted to the individual and altered as needed as training progressed. The participants wore a wireless controller around the wrist and the battery and computer in the backpack weighing 3.5kg [26] . The training programme took place over five days. In the morning of the first day, after initial measurements, participants spent two hours being educated about and fitted for the exoskeleton as well as completing initial simple therapist assisted sit to stand, and standing balance exercises. On the afternoon of the first day (where possible) participants also undertook simple therapist assisted stepping tasks in parallel bars. Over the next four days participants spent at least four hours in the exoskeleton completing progressive training exercises such as sit to stand, stand to sit, standing balance, step initiation and walking with mastery of crutch use so that therapist assistance and equipment support could be withdrawn as safe practice allowed. At the end of the final day of training ROM was re-measured. Each day participants were prepared for training using standard physiotherapy techniques such as functional electrical stimulation (cycling), appropriate soft tissue techniques and far-infared heat therapy. Additionally, appropriate safety checks were undertaken by therapists at the beginning and end of each day to ensure no injury or damage to skin integrity had occurred. No participants were removed from the study as a result of skin damage or injury.
Data reduction
Not all ROM measures were available for all participants included in the overall data. Data which was included for each participant is available in table 1. Omissions in ROM data were due to clinical time constraints where therapists used an adequate range check as opposed to goniometry measurement in some cases. For DF n = 12, for HE n = 14, for SE n = 9 and for SIR n = 11.
Statistical analysis
Statistical analysis was undertaken using IBM SPSS version 20 (NY, USA). Data were checked for normal distribution using Q-Q plots and met this requirement. Data were then analysed using paired t-tests with an accepted significance value of p≤0.05. Effect size (r) was calculated from t value [27] and 95% confidence limits of the difference reported to give an insight into the meaningfulness of any training effect. ASIA Impairment Scale = American Spinal Injuries Association Impairment Scale; ROM = range of motion; HE = hip extension; DF = ankle dorsi-flexion; SE = shoulder extension; SIR = shoulder internal rotation.
Results
Results are presented with full detail from statistical testing including degrees of freedom and an indication of effect size as well as magnitude of changes pre to post training programme. Due to the amount of available ROM at the different joints results from the ankle and hip are presented together as are those of the shoulder.
Mean ankle DF increased from 1.7° (plantigrade = 0°) to 6.9° (95% confidence limit, upper 7.3°, lower 3.5°; (t (11) -6.3; p<0.001)) which suggested that the participants had significantly greater ROM in this movement post training (Figure 2) . A t value of 6.3 represents an r of 0.78 which represents a very large effect size [27] .
Mean HE increased from 8.2° to 14.1° (95% confidence limit, upper 9.5°, lower 2.2°; (t (13) -3.5; p= 0.004) which suggested that the participants had significantly greater ROM in this movement post training. A t value of 3.5 represents an r of 0.49 representing (approximately, large normally = 0.50 [27] a large effect size.
Mean SE increased slightly from 64.7° to 66.7° (95% confidence limit, upper 13.4°, lower 9.5°; (t (8) -0.39; p=0.705) which suggested that the participants had not significantly changed their ROM in this movement post training (Figure 3) . A t value of 0.39 represents an r of 0.02 which represents a very small effect size [27] .
Mean SIR increased slightly from 74.3° to 78.9° (95% confidence limit, upper 14.0°, lower 4.9°; (t (10) -1.07; p=0.31) which suggested that the participants had not significantly changed their ROM in this movement post training (Figure 3) . A t value of 1.07 represents an r of 0.10 which represents a very small effect size [27] .
Discussion
The aim of this study was to consider pilot data from use of the ReWalk TM as part of a five day physiotherapy programme aiming to train the user in the novel technology. We measured simple joint ROM in specific movements important to the population of interest with the goal of informing future clinical practice and expectations of this technology. Our main findings were that after the training programme ankle dorsi-flexion ROM had increased significantly by 5.2° and hip extension by 5.9° which may have positive implications for ongoing upright and weight bearing therapy as well as ADL in this population. Unfortunately our study did not utilise a control condition and as such we cannot state that the improvements in ROM reported were solely attributable to exoskeleton training, however our improvements did have greater magnitude than those seen in supported standing [12, 15] .
Our main findings may be at least partially explained through consideration of the reproduction of the gait cycle and impact imposed through use of the powered exoskeleton. Fineberg et al. 
for the changes in ROM noted. Conversely, the use of functional electrical stimulation (FES) cycling therapy in a small scale (n = 5) pilot study by Bremner et al. [31] did result in increased 'joint ROM' for three of five participants. Unfortunately these authors did not provide information about the specific type of joint ROM measured, nor the magnitude or significance of any recorded increase. We therefore concluded that there was little evidence to suggest that FES cycling therapy could be responsible for the changes seen in our study though we do acknowledge that there may have been some contribution. A final preparatory strategy used was far infra-red therapy; this modality has been suggested to heat the tissues which could theoretically result in joint ROM change. However there is very little research investigating the specific effects of far infra-red therapy on biological tissues [32] and no evidence suggesting an effect on joint ROM could be found. Overall, we considered that there was a good possibility that the observed ROM changes seen in our study were due primarily to the addition of the powered exoskeleton technology to 'normal' physiotherapy practices.
In the future we plan to expend our pilot study to consider a greater range of physiological parameters which are more mechanistic and relate more closely to the health status of the individual. We are particularly interested in the effect of powered exoskeleton technology on spasticity, postural control and also population specific outcome measures.
Conclusion
Although this was a pilot study and lacked a control condition, the addition of ReWalk TM technology was novel as part of a physiotherapy training programme for the powered exoskeleton. Participation in the training programme appeared to result in significant and meaningful increases in ankle DF and HE which were greater than may be expected for other types of weight bearing, upright mobility exercises in this population. Our findings at the hip joint may be of particular interest for informing the clinical expectations of the effect of this type of technology with individuals as there was a lack of comparative information on this important topic area. Overall, our findings were positive and suggested that the training programme may be of benefit to further upright mobility exercise with the population because ankle dorsi-flexion and hip extension are inherently required for normal gait. [26] concluded that the gait cycle shown by independent users of the ReWalk TM exoskeleton was similar to that of 'normal' human gait with regard to kinetic biomechanical analysis of phases. Even assisted users demonstrated 'heel strike' 'mid stance' and 'toe off ' phases of the gait cycle which inherently require DF and HE [26] . The cyclical manner of this imposed demand on the joints appears to have resulted in a greater magnitude of DF increase than that reported by Ben et al. [16] of 4° over 12 weeks of 'tilt table' supported weight bearing therapy. Our confidence intervals for the difference in pre to post scores (7.3-3.5°) were also greater than Ben et al. [16] (2-4°) suggesting a more intense training effect over a much shorter training time. It was difficult to find comparable literature regarding ROM changes seen in HE in SCI patients using standing and walking devices. Middleton et al. [28] did support the notion that a walking orthosis could at least maintain lower limb joint ROM, however their comments were based upon patient perceptions rather than quantitative data of the joints. The lack of comparable data was surprising since flexion contractures at the hip joint as a result of wheelchair use were highlighted by Karimi [12] as a key health issue for SCI individuals. We theorised that the dearth of literature on this topic may be partially explained because many non robotic walking orthoses types do not replicate bipedal human gait and do not achieve hip extension, rather a less flexed hip position. Our findings may therefore represent a key area of interest for practitioners working with SCI individuals as it appears that the powered exoskeleton achieved ROM increase where it has not been previously reported. Particularly since increased range into HE may help to prevent joint based pathology/deformity at the hip [17] . We did not include a follow up ROM measure to our preliminary study and so cannot comment on the permanency of the changes highlighted for DF and HE. It is likely that these observed changes are reversible and that continued or regular intermittent use of weight bearing powered exoskeleton technology would be required to sustain increased ROM. Further research is required to ascertain a doseresponse relationship for ROM increase and powered exoskeleton usage, despite our positive initial findings.
Our findings regarding changes to shoulder internal rotation and extension were unremarkable. A possible reason for this was that our participants had greater ROM (mean SIR = 74°, mean SE = 65°) in these movements compared to normative data for non SCI individuals (mean SIR = 67°, mean SE = 57°) [29] . Theoretically wheelchair use may result in increased ranges of SIR and SE because it is in this combined position that peak shoulder joint loading occurs during the push phase of propulsion [22] . Therefore, the crutch use associated with the ReWalk TM training may not have induced ROM adaptations in this population. Indeed, only the sit-to-stand and stand-to-sit components of exoskeleton use would place large ROM demands on the shoulders. As such, we considered that powered exoskeleton use should not be expected to result in ROM changes beyond those associated with wheelchair use in SCI individuals.
A final factor to consider when explaining all of our findings was the physiotherapy preparation which occurred prior to powered exoskeleton use. Preparation strategies were selected on an individual basis according to therapist judgement meaning that not all participants received all types of preparation. Nonetheless it was important to consider the potential overlap of effects. Literature in the form of a randomised controlled trial [30] reported that stretching for the ankle plantar flexors was unsuccessful at increasing ankle DF ROM in their sample of 14 SCI patients. We therefore concluded that this type of physiotherapy preparation was unlikely to be responsible
